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Abstract
Dynamical net charge fluctuations have been studied in ultra-relativistic heavy-ion
collisions from the beam energy scan at RHIC and LHC energies by carrying out the
hadronic model simulation. Monte Carlo model, HIJING is used to generate events in
two different modes, HIJING-default with jet quenching switched off and jet/minijet
production switched off. A popular variable, ν[+−,dyn] is used to study the net charge
fluctuations in different centrality bins and the findings are compared with the avail-
able experimental values reported earlier. Although the broad features of net charge
fluctuations are reproduced by the HIJING, yet the model predicts the larger mag-
nitude of fluctuations as compared to the one observed in experiments. The role
of jets/minijets production in reducing the net charge fluctuations is, however dis-
tinctly visible from the analysis of the two types of HIJING events. Furthermore,
dNch/dη and 1/N scaling is partially exhibited which is due to the fact that in HI-
JING, nucleus-nucleus collisions are treated as multiple independent nucleon-nucleon
collisions.
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1. Introduction
The interest in the studies involving event-by-event fluctuations in hadronic (hh)
and heavy-ion (AA) collisions is primarily connected to the idea that the cor-
relations and fluctuations of dynamical origin are associated with the critical
phenomena of phase transitions and leads to the local and global differences be-
tween the events produced under similar initial conditions [1,2]. Several different
approaches have been made to investigate the event-by-event fluctuations in hh
and AA collisions at widely different energies, e.g., multifractals [3,4,5], normal-
ized factorial moments [6], erraticity [4,7], k-order pseudorapidity spacing [8,9]
and transverse momentum(pT ) spectra, etc. Furthermore, event-by-event fluc-
tuations in the conserved quantities, like, strangeness, baryon number, electric
charge have emerged as new tools to estimate the degree of equilibration and
criticality of the measured system [12]. Experiments such as RHIC and LHC are
well suited for the study of these observables [12,13].
Event-by-event fluctuations of net charge of the produced relativistic charged
particles serve as an important tool to investigate the composition of hot and
dense matter prevailing in the ‘fireball’, created during the intermediate stage of
AA collisions, which, in principle, be characterized in the framework of QCD [13].
It has been argued that a phase transition from QGP to normal hadronic state is
an entropy conserving process [14] and therefore, the fluctuations in net electric
charge will be significantly reduced in the final state in comparison to what is en-
visaged to be observed from a hadron gas system [15,18]. This is expected because
the magnitude of charge fluctuations is proportional to the square of the number
of charges present in the system which depends on the state from which charges
originate. A system passing through QGP phase, quarks are the charge carriers
whereas in the case of hadron gas the charge carriers are hadrons. This suggests
that the charge fluctuations observed in the case of QGP with fractional charges
would be smaller than those in hadron gas with integral charges [12,16,19]. A re-
duction in the fluctuations of net charge in Pb-Pb collision at
√
sNN = 2.76 TeV
in comparison to that observed at RHIC has been reported by ALICE collaboration
[20]. A question arises here whether the fluctuations arising from QGP or from
hadron gas would survive during the evaluation of the system [12,21,22,23,24].
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The fluctuations observed at the freeze-out depend crucially on the equation of
state of the system and final effects. It has been shown [25] that large charge fluc-
tuations survive, if accompanied by large temperature fluctuations at freeze-out
in context to the experiments. Measurement of charge fluctuations depends on
the observation window which is so selected that the majority of the fluctuations
are captured without being affected by the conservation limits [22,23,24].
An attempt is, therefore, made to carry out a systematic study of dynamical net
charge fluctuations from beam energy scan at RHIC and LHC energies using the
Monte-Carlo model, HIJING and the findings are compared with those obtained
with the real data and other MC models. The reason for using the code HIJING is
that it gives an opportunity to study the effect of jets and jet-quenching. HIJING
events are generated at various beam energies corresponding to RHIC and LHC
which covers an energy range from
√
sNN = 62.4 GeV to 5.02 TeV. Two sets of
events, i) HIJING-default with jets and minijets and ii) HIJING with no jet/minijet
production are generated for each of the incident energies considered.
2. Formalism
The charge fluctuations are usually studied in terms of two types of measures [26].
The first one is the D which is the direct measure of the variance of event-by-event
net charge 〈δQ2〉 = 〈Q2〉 − 〈Q〉2, where Q = N+ − N−; N+ and N− respectively
denote the multiplicities of positively and negatively charged particles produced in
an event in the considered phase space. Since the net charge fluctuations may get
affected by the uncertainties arising out of volume fluctuations, the fluctuations
in the ratio, R = N+
N
−
is taken as the other suitable parameter. R is related to the
net charge fluctuations via the parameter D as [15,16,19,20]:
D = 〈Nch〉δR2 ≃ 4〈δQ
2〉
〈Nch〉 (1)
which gives a measure of charge fluctuations per unit entropy. It has been shown
that D acquires a value ∼ 4 for an uncorrelated pion gas which decreases to ∼ 3
after taking into account the resonance yields [16]. For QGP, the value of D has
been reduced to ∼ 1− 1.5, where the uncertainty arises due to the uncertainties
involved in relating the entropy to the multiplicity of the charged hadrons in the
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final state [27]. The parameter D, thus, may be taken as an efficient probe for
distinguishing between the hadron gas and QGP phases. These fluctuations are
however, envisaged to be diluted in the rapidly expanding medium due to the dif-
fusion of particles in rapidity space [22,23]. Resonance decays, collision dynamics,
radial flow and final state interactions may also affect the amount of fluctuations
measured [16,28,29,30]. The first results on net charge fluctuations at RHIC were
presented by PHENIX [31] in terms of reduced variance ωd =
〈δQ2〉
Nch
while STAR
[30] results were based on a dynamical net charge fluctuations measure, ν[+−,dyn]
and were treated as a rather reliable measure of the net charge fluctuations as
ν[+−,dyn] was found to be robust against detection efficiency.
Furthermore, the contributions from statistical fluctuations would also be present
if net charge fluctuations are studied in terms of parameter D and it will be
difficult to extract the contribution due to fluctuations of dynamical origin. The
novel method of estimating the net charge fluctuations takes into account the
correlation strength between + +, - -, and + - charge particle pairs [12,32]. The
difference between the relative multiplicities of positively and negatively charged
particles is given as,
ν+− = 〈( N+〈N+〉 −
N−
〈N−〉)
2〉 (2)
where the angular brackets represent the mean value over the entire sample of
events. The Poisson limit of this quantity is expressed as [30]:
ν[+−,stat] =
1
〈N+〉 +
1
〈N−〉 (3)
The dynamical net charge fluctuations may, therefore, be written as the difference
of these two quantities:
ν[+−,dyn] = ν[+−] − ν[+−,stat] (4)
ν[+−,dyn] =
〈N+(N+ − 1)〉
〈N+〉2 +
〈N−(N− − 1)〉
〈N−〉2 − 2
〈N+N−〉
〈N+〉〈N−〉 (5)
From the theoretical point of view, ν[+−,dyn] can be expressed in terms of two
particle integral correlation functions as
ν[+−,dyn] = R++ +R−− − 2R+− (6)
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where the term Rαβ gives the ratio of integrals of two- and single-particle pseu-
dorapidity density function, defined as,
Rαβ =
∫
dnαdnβ
dN
dnαdnβ
∫
dnα
dN
dnα
∫
dnβ
dN
dnβ
(7)
The variable, ν[+−,dyn] is, thus, basically a measure of relative correlation strength
of + +, - -, and + - charged hadron pairs. For independent emission of parti-
cles, these correlations should be ideally zero. However, in practice, a partial
correlations is observed due to string and jet-fragmentation, resonance decays,
etc. The strength of R++, R−− and R+− are expected to vary with system size
and beam energy. Moreover, as the charge conservation, + - pair are expected
to be rather strongly correlated as compared to like sign charge pairs and hence
2R+− in Eq.6 is envisaged to be larger than the sum of the other two terms [30]
giving ν[+−,dyn] values less than zero, which is evident from the results based on
pp and p¯p collisions at CERN ISR, FNAL and later on in heavy-ion collisions at
RHIC [30,32,34,35,36] and LHC energies [20,30].
3. Results and discussion
Several sets of MC events corresponding to different collision systems in a wide
range of beam energies are generated using the code HIJING- 1.37 [37] for the
present analysis. The details of the events simulated are listed in Table-1. Two
sets of events for each beam energy and colliding nuclei, HIJING-default with
jet-quenching off and with jet/minijet production switched off are simulated and
analysed. It has been argued [38,39] that the minijets (semi-hard parton scat-
tering with few GeV/c momentum transfer) are copiously produced in the early
state of AA collisions at RHIC and higher energies. In a QGP medium, if present,
the jets/minijets will lose energy through induced gluon radiation [40], a process
referred to as jet quenching in the case of higher pT partons. The properties
of the dissipative medium would determine the extent of energy loss of jets and
minijets. The influence of the production of jets/minijets in AA collisions in the
produced medium on the net charged fluctuations may be investigated by com-
paring the findings due to the two types of HIJING simulated events. The analysis
has been carried out by considering the particles having their pseudorapidity val-
ues |η| < 1.0 and pT values in the range 0.2 GeV/c < pT < 5.0 GeV/c. These η
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and pT cuts have been applied to facilitate the comparison of the findings with
the experimental result having similar cuts.
Values of ν[+−,dyn] for different collision centralities are estimated for various data
sets and are listed in Tables 2 - 4 along with the corresponding values of num-
ber of participating nucleons, Npart. Variation of ν[+−,dyn] with mean number of
participating nucleons, Npart, for various data sets are exhibited in Fig.1. Such
dependences observed in experiments, STAR [30] and ALICE [20,36] are also dis-
played in the same figure. A monotonic dependence of ν[+−,dyn] on Npart is seen
in the figure. It may be of interest to note that for a given Npart, the magnitude
of ν[+−,dyn] decreases with increasing beam energy and this difference becomes
more and more pronounced on moving from most central (5%) to the periph-
eral (70 − 80%) collisions. It is also interesting to note in the figure that the
HIJING predicted values (for HIJING-default events) are quite close to the exper-
imental values. However, the corresponding ν[+−,dyn] values for the events with
jets/minijets off are somewhat larger. The jets-off multiplicities reflects the soft
processes, whereas, the jets-on multiplicities includes the contributions from the
jets and minijets [36]. This may cause the reduction in the contributions coming
from the third term of Eq.5 which represents the correlations between + - pairs.
This is expected to occur at these energies, as the events have high multiplicities
and are dominated by multiple minijet production which might cause the reduc-
tion in the strengths of correlations and fluctuations [41].
The parameter D and ν[+−,dyn] are related to each other as per the relation:
〈Nch〉ν[+−,dyn] = D − 4 (8)
The magnitude of net charge fluctuations is limited by the global charge conser-
vation of the produced particles [32]. Considering the effect of global charge
conservation, the dynamical fluctuations need to be corrected by a factor of
−4/〈Ntotal〉, where Ntotal denotes the total charged particle multiplicity of an
event in full phase space. Taking into account the global charge conservation and
finite acceptance, the corrected value of ν[+−,dyn] is given by,
νcorr[+−,dyn] = ν[+−,dyn] +
4
〈Ntotal〉 (9)
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Values of νcorr[+−,dyn] for various data sets are presented in the last column of Tables
2 - 4, whereas variations of νcorr[+−,dyn] with Npart for these data sets are displayed
in Fig.2. Although the trends of variations of ν[+−,dyn] and ν
corr
[+−,dyn] with Npart
for both types of HIJING events are similar, yet it might be noticed that the data
points corresponding to various energies lie rather close to each other in the semi-
central and peripheral collision regions. This weakening of energy dependence is
observed for both types of HIJING samples considered.
The observed dependence of ν[+−,dyn] or its corrected form ν
corr
[+−,dyn] , on Npart or
collision centrality indicates the weakening of correlations amongst the produced
hadrons, as one moves from central to peripheral collisions, and nearly match
with the experimental results. These findings, thus, tend to suggest that the
ν[+−,dyn] should be proportional to the centrality of collisions or charged parti-
cle multiplicity, if AA collisions are taken as the superpositions of independent
nucleon-nucleon (nn) collisions with negligible re-scattering effects (which is the
basic property of HIJING model). This may be tested by scaling the ν[+−,dyn] by
charged particle density dNch/dη, and plotting against Npart. These plots are
displayed in Figs.3 and 4. It may be observed from these figures that the data
at different energies show the same qualitative behavior. The values of product
(dNch/dη)ν[+−,dyn] are noticed to be minimum for peripheral collisions and grad-
ually increase to their maximum for the most central collisions; the rise from
minimum to maximum is about ∼ 35 - 40 % for various data sets. An increase
of 50% has been observed [40] in STAR Au-Au collisions. Such an increase in
(dNch/dη)ν[+−,dyn] values with Npart may be accounted due to the increase in the
particle multiplicity per participant. Data from UA1 and PHOBOS show that for
pp and Au-Au collisions at 200 GeV, dNch/dη increases from 2.4 to 3.9 for most
central collisions, thus giving an increase of about 60% [42]
The scaling of ν[+−,dyn] with Npart has also been checked and the plots are shown
in Fig.5, whereas after applying the corrections to ν[+−,dyn] the values of the prod-
ucts are plotted against Npart in Fig.6. It is observed from these figures that with
increasing Npart, Npartν[+−,dyn] values gradually decrease for all the data sets.
Moreover, for a given Npart the values of product Npartν[+−,dyn] decrease with the
beam energy. It is interesting to note that the difference in the values observed at
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RHIC and LHC energies, after applying the corrections to ν[+−,dyn] values almost
vanishes. It is also interesting to note that the HIJING simulated data points lie
closer to the corresponding ones reported earlier using the ALICE data [20]. The
decreasing trends of Npartν[+−,dyn] (or Npartν
corr
[+−,dyn] ) from peripheral to most cen-
tral collisions observed in STAR are in contrast to what is observed in the present
study using the HIJING data at RHIC and higher energies. Furthermore, the lower
values of product (dNch/dη)ν[+−,dyn] or Npartν[+−,dyn] , as shown in Figs.4 and 6
predicted by the HIJING with no jets in comparison to those predicted by HIJING-
default, indicates the reduction in magnitude of ν[+−,dyn] due to the productions
of jets and minijets.
The variations of ν[+−,dyn] and ν
corr
[+−,dyn] with charged particle density, dNch/dη for
the two sets of HIJING events are shown in Fig.7. Results based on Pb-Pb 2.76
TeV experimental data [20] for the same η and pT cuts are also presented in the
same figure. It is worth while to note in these figures that HIJING-default pre-
dicted values for 2.76 TeV data are quite close to the corresponding experimental
values. Although the magnitude of ν[+−,dyn] or ν
corr
[+−,dyn] exhibits an energy de-
pendence, which becomes more pronounced as the dNch/dη values decrease, i.e.,
from semi-central to peripheral collisions, yet the data points for various event
samples tend to fall on a single curve. Data for the events with no jets exhibit
almost similar behaviour except for Pb-Pb data at 2.76 and 5.02 TeV without jet
production. This may lead to the conclusion that as one moves from RHIC to LHC
energies, contributions to the particle multiplicity coming from the jet/minijet
production causes the reduction in the magnitude of charge fluctuations.
As mentioned earlier, if AA collisions are the superpositions of m number of nn
collisions the single particle density for nn and AA collisions would be written
as: ρn1n(η) = dNch/dη and ρ
A
1A(η) = mρ
nn
1 η. In such a scenario, the invariant
cross section is proportional to the number of nn collisions, m, and the quantity
(dNch/dη)ν[+−,dyn] is independent of centrality of collision and the system size
[14]. STAR results, however, give ∼ 40% increase in (dNch/dη)ν[+−,dyn] values for
Au-Au and Cu-Cu collisions. The product (dNch/dη)ν[+−,dyn] is plotted against
dNch/dη for the two types of event sample in Fig.8. Similar plots for ν
corr
[+−,dyn] are
also shown in Fig.9. The scaled values of ν[+−,dyn] and ν
corr
[+−,dyn] are observed to
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increase with increasing dNch/dη values in almost similar fashion. Furthermore,
for a given dNch/dη the scaled values of ν[+−,dyn] or its corrected version are no-
ticed to increase with increasing energy. It is also observed that for a particular
set of events(HIJING-default and jets off) the values of ν[+−,dyn] and ν
corr
[+−,dyn] are
somewhat larger when jet/minijet production is switched off.
It has been suggested [43] that any multiplicity scaling should be based on the
mean multiplicities of charged particles. In the model independent sources [44],
mean particle multiplicity is taken to be proportional to the number of sources,
〈Ns〉, which changes from event to event. The multiplicity of positively and
negatively charged particles may be expressed as
〈N+〉 = α1 + α2 + ..... + αNs (10)
〈N−〉 = β1 + β2 + .... + βNs (11)
where, αi and βi represent the contributions from i
th source. The first and second
moments of multiplicity distributions are written as
〈Na〉 = 〈α〉〈Ns〉 (12)
〈Nb〉 = 〈β〉〈Ns〉 (13)
〈N2a 〉 = 〈α2〉〈Ns〉+ 〈α〉2[〈N2s 〉 − 〈Ns〉] (14)
〈N2b 〉 = 〈β2〉〈Ns〉+ 〈β〉2[〈N2s 〉 − 〈Ns〉] (15)
〈NaNb〉 = 〈αβ〉〈Ns〉+ 〈α〉〈β〉〈N2s 〉 − 〈Ns〉] (16)
here 〈α〉, 〈β〉 and 〈α1〉, 〈β1〉, 〈αβ〉 are the first and second moments of the prob-
ability distributions P (α, β) for a single source.
Following the details as given in ref [44] and using the equation:
νdyn[a, b] =
〈N2a〉
〈Na〉2 +
〈N2b 〉
〈Nb〉2 − 2
〈NaNb〉
〈Na〉〈Nb〉 − (
1
〈Na〉 +
1
〈Nb〉) (17)
the following form of νdynmay be obtained [45]
νdyn[a, b] =
1
〈Ns〉 [
〈α2〉
〈α〉2 +
〈β2〉
〈β〉2 − 2
〈αβ〉
〈α〉〈β〉 − (
1
〈α〉 +
1
〈β〉)] ≃
1
〈Ns〉ν
∗[α, β] (18)
where, ν∗[α, β] is the quantity of the multiplicities of types a and b for each
source. This gives νa,b to be inversely proportional to the size of the colliding
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nuclei. On the other hand, as the term 〈N2s 〉 − 〈Ns〉 cancels out by construction,
νdynis independent of the system size but requires an additional scaling due to the
remaining term, 1/〈Ns〉. If 1/( 1〈Na〉+ 1〈Nb〉) type of scaling is used, then substituting
Eqs.12 and 13 in Eq.17, the term 1/〈Ns〉 vanishes and the following form of the
scaling is obtained:
νdyn[a, b]
1
〈Na〉
+ 1
〈Nb〉
=
νdyn[α, β]
1
〈α〉
+ 1
〈β〉
(19)
The scaling of this type has been tested and the results for the various data sets
are shown in Figs.10 and 11. It may be seen in these figures that the scaled
ν[+−,dyn] values for a given energy are nearly independent of charged particle
density. It is, further, observed that the magnitude of scaled ν[+−,dyn] values in-
creases as one moves from RHIC to LHC energies. The magnitude of ν[+−,dyn] is
observed to be inversely proportional to the number of sub collisions leading to
the particle production. If number of particles produced in each sub collisions
is independent of collision centrality, ν[+−,dyn] would exhibit 1/N scaling [11]. It
has been reported [11] that in Au-Au collisions at 130 GeV 1/N scaling is clearly
noted by the data. HIJING simulated data, however, supports such scaling. In
contrast to this, findings from URQMD simulations do not support 1/N scaling
which maybe because in URQMD re-scattering effects are included which would
reduce the magnitude of Nν[+−,dyn] for central collisions [11]. On the basis of
various types of scaling of ν[+−,dyn] tested in the present study and also the ones
by other workers it may be concluded here that 1/( 1
〈Na〉
+ 1
〈Nb〉
) scaling of ν[+−,dyn]
is relatively a better scaling as compared to other scalings.
4. Conclusions
A systematic study of various aspects of net charge fluctuations has been looked
into by simulating the Monte Carlo events using the HIJING generator in two dif-
ferent modes, i) HIJING-default with jet-quenching turned off and, ii) production
of jets and minijets turned off. Although both types of events exhibit almost
similar dependence of ν[+−,dyn] on collision centrality and charged particle den-
sity, yet the observed difference in the magnitude of fluctuations clearly reflects
the role of jets and minijets in reduction of net charge fluctuations. The trend
of energy dependence of νdyn, for various centrality bins, exhibited by the MC
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data used in the present study, match with STAR and ALICE results. Npart and
dNch/dη scalings of ν[+−,dyn] after applying the correction for global charge con-
servation are approximately exhibited by both types of event samples used. This
is expected as in HIJING case, AA collisions are treated as the superpositions of
multiple nucleon-nucleon collisions. The findings also reveal that the production
of jets and minijets plays dominant role in reducing the strength of particle cor-
relations and fluctuations.
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Table 1: Details of events selected for analysis.
Energy Type of No. of events
(GeV) collision (×106)
5020 Pb-Pb 0.6
2760 Pb-Pb 0.6
200 Au-Au 0.6
130 Au-Au 0.6
100 Au-Au 0.6
200 Cu-Cu 1.0
62.4 Cu-Cu 1.0
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Table 2: Values of Npart, ν[+−,dyn] and ν
corr
[+−,dyn] for various centrality classes in
|η| < 1 for events corresponding 197Au−197 Au collisions.
HIJING - default HIJING - nojets
cent.% Npart ν[+−,dyn] ν
corr
[+−,dyn] Npart ν[+−,dyn] ν
corr
[+−,dyn]
AuAu at 100 GeV errors are in units of × 10−3
5 349.19±0.10 -0.00279±0.06 -0.00134±0.67 349.36±0.10 -0.00450±0.11 -0.00247±1.23
10 291.43±0.10 -0.00339±0.07 -0.00162±0.81 291.54±0.10 -0.00523±0.14 -0.00278±1.39
20 219.88±0.10 -0.00469±0.07 -0.00228±1.14 219.95±0.10 -0.00743±0.15 -0.00418±2.09
30 146.36±0.08 -0.00742±0.12 -0.00373±1.87 146.21±0.08 -0.01137±0.21 -0.00647±3.24
40 91.66±0.07 -0.01252±0.22 -0.00643±3.22 91.79±0.07 -0.01735±0.41 -0.00955±4.78
50 54.16±0.05 -0.02176±0.35 -0.01126±5.63 54.00±0.05 -0.03048±0.56 -0.01725±8.63
60 28.81±0.04 -0.04201±0.82 -0.02183±10.9 28.72±0.04 -0.05813±1.06 -0.03342±16.72
70 13.73±0.02 -0.08949±1.37 -0.04683±23.42 13.76±0.02 -0.11431±2.79 -0.06308±31.58
80 6.51±0.02 -0.19365±5.40 -0.10322±51.69 6.48±0.02 -0.23294±7.70 -0.12489±62.58
AuAu at 130 GeV errors are in units of × 10−3
5 350.57±0.10 -0.00238±0.06 -0.00116±0.58 350.56±0.10 -0.00466±0.10 -0.00276±1.38
10 293.23±0.10 -0.00306±0.06 -0.00156±0.78 293.29±0.10 -0.00531±0.16 -0.00303±1.52
20 221.67±0.10 -0.00424±0.61 -0.00219±1.14 222.00±0.10 -0.00722±0.19 -0.00420±2.10
30 147.80±0.08 -0.00666±0.77 -0.00351±1.80 147.97±0.08 -0.01109±0.20 -0.00657±3.28
40 93.12±0.07 -0.01093±3.68 -0.00571±3.44 93.16±0.07 -0.01741±0.38 -0.01025±5.13
50 55.14±0.05 -0.01936±2.35 -0.01030±5.30 55.08±0.05 -0.02889±0.61 -0.01683±8.42
60 29.49±0.04 -0.03832±3.89 -0.02091±10.66 50.10±0.05 -0.02884±0.70 -0.01683±8.43
70 14.14±0.03 -0.08413±8.79 -0.04713±24.07 14.23±0.03 -0.11416±2.80 -0.06826±34.17
80 6.71±0.02 -0.17158±4.41 -0.09314±46.63 6.74±0.02 -0.23619±7.59 -0.13987±70.08
AuAu at 200 GeV errors are in units of × 10−3
5 353.05±0.09 -0.00216±0.05 -0.00120±0.60 353.17±0.09 -0.00452±0.11 -0.00279±1.39
10 296.71±0.10 -0.00255±0.04 -0.00138±0.69 296.84±0.10 -0.00544±0.14 -0.00337±1.69
20 225.37±0.10 -0.00317±0.31 -0.00160±0.81 225.55±0.10 -0.00723±0.12 -0.00450±2.25
30 155.03±0.10 -0.00557±0.42 -0.00100±0.52 151.28±0.08 -0.01067±0.18 -0.00662±3.31
40 95.63±0.07 -0.00917±1.00 -0.00505±2.58 96.00±0.07 -0.01630±0.28 -0.00993±4.97
50 56.92±0.05 -0.01855±2.54 -0.01129±5.85 57.39±0.05 -0.02718±0.52 -0.01657±8.29
60 31.07±0.04 -0.03223±6.21 -0.01850±9.26 31.16±0.04 -0.04752±0.99 -0.028104±14.06
70 14.93±0.03 -0.06861±8.52 -0.03957±20.38 15.12±0.03 -0.09972±2.23 -0.059954±30.00
80 7.16±0.02 -0.15018±3.64 -0.08783±43.97 7.18 ±0.02 -0.20465±6.96 -0.121323±60.80
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Table 3: Values of Npart, ν[+−,dyn] and ν
corr
[+−,dyn] for different centrality bins in
|η| < 1.0 simulated for 64Cu−64 Cu interactions at 62.4 and 200 GeV.
HIJING - default HIJING - nojets
cent.% Npart ν[+−,dyn] ν
corr
[+−,dyn] Npart ν[+−,dyn] ν
corr
[+−,dyn]
CuCu at 62.4 GeV errors are in units of × 10−3
5 103.68±0.03 -0.011595±0.26 -0.00519±2.60 103.73±0.03 -0.01479±0.36 -0.00725±3.62
10 88.36±0.04 -0.01314±0.23 -0.00556±2.78 88.45±0.04 -0.01631±0.43 -0.00743±3.72
20 68.59±0.04 -0.01813±0.31 -0.00825±4.12 68.35±0.04 -0.02268±0.37 -0.01115±5.57
30 47.57±0.03 -0.02577±0.44 -0.01134±5.67 47.61±0.03 -0.03284±0.48 -0.01623±8.12
40 31.62±0.03 -0.04126±0.52 -0.01937±9.69 31.58±0.03 -0.04972±0.75 -0.02466±12.34
50 20.45±0.02 -0.06349±1.16 -0.02943±14.72 20.42±0.02 -0.07580±1.09 -0.03711±18.56
60 12.67±0.02 -0.10112±2.01 -0.04593±22.98 19.33±0.02 -0.07352±1.31 -0.03464±17.33
70 7.92±0.01 -0.16345±2.73 -0.07501±37.53 7.91±0.01 -0.18968±4.29 -0.09017±45.13
80 5.26±0.01 -0.25073±4.09 -0.11766±58.86 5.28±0.01 -0.28850±6.42 -0.13992±70.03
CuCu at 200 GeV errors are in units of × 10−3
5 107.26±0.03 -0.00756±0.16 -0.00423±2.12 107.09±0.03 -0.01468±0.45 -0.00905±4.53
10 92.39±0.04 -0.00911±0.17 -0.00517±2.58 92.31±0.04 -0.01728±0.43 -0.01073±5.37
20 72.41±0.04 -0.01174±0.18 -0.00648±3.24 72.54±0.04 -0.02189±0.46 -0.01355±6.78
30 51.26±0.03 -0.01766±0.25 -0.00997±4.98 51.31±0.03 -0.03018±0.56 -0.01839±9.20
40 34.79±0.03 -0.02786±0.39 -0.01613±8.06 34.82±0.03 -0.04548±0.96 -0.02814±14.08
50 22.92±0.03 -0.04417±0.77 -0.02579±12.90 22.88±0.03 -0.06879±1.45 -0.04248±20.12
60 20.93±0.03 -0.04410±0.64 -0.02579±12.90 20.91±0.03 -0.06650±1.33 -0.04027±21.01
70 9.11±0.02 -0.10984±2.26 -0.06197±31.01 9.13±0.02 -0.16262±4.29 -0.09710±48.62
80 5.99±0.01 -0.17367±2.84 -0.10029±50.17 5.98±0.01 -0.24322±6.05 -0.14339±71.78
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Table 4: Values of Npart, ν[+−,dyn] and ν
corr
[+−,dyn] for different centrality bins in
|η| < 1.0 simulated for 208Pb−208 Pb collisions at 2.76 and 5.02 TeV.
HIJING - default HIJING - nojets
cent.% Npart ν[+−,dyn] ν
corr
[+−,dyn] Npart ν[+−,dyn] ν
corr
[+−,dyn]
PbPb at 2760 GeV errors are in units of × 10−3
5 383.54±0.09 -0.00077±0.01 -0.00055±0.27 383.75±0.09 -0.00227±0.06 -0.00160±0.80
10 327.34±0.11 -0.00091±0.02 -0.00062±0.31 333.39±1.77 -0.00279±0.06 -0.00200±1.00
20 250.99±0.11 -0.00124±0.01 -0.00085±0.42 249.97±0.11 -0.00385±0.05 -0.00282±1.41
30 168.17±0.09 -0.00269±0.03 -0.00196±0.98 172.23±0.09 -0.00517±0.10 -0.00367±1.83
40 115.74±0.08 -0.00354±0.04 -0.00251±1.25 111.91±0.08 -0.00803±0.15 -0.00571±2.85
50 69.43±0.09 -0.00640±0.14 -0.00461±2.30 69.52±0.06 -0.01373±0.26 -0.00997±4.99
60 31.13±0.04 -0.01060±0.62 -0.00722±3.63 39.36±0.05 -0.02487±0.38 -0.01815±9.08
70 22.33±0.04 -0.02685±0.31 -0.01943±9.71 20.33±0.03 -0.04836±0.93 -0.03506±17.54
80 11.25±0.04 -0.05571±0.87 -0.03928±19.65 9.99±0.03 -0.10468±3.34 -0.07691±38.53
PbPb at 5020 GeV errors are in units of × 10−3
5 385.67±0.09 -0.00056±0.01 -0.00040±0.20 386.00±0.09 -0.00225±0.06 -0.00167±0.83
10 331.10±0.11 -0.00077±0.01 -0.00057±0.28 330.62±0.11 -0.00257±0.06 -0.00189±0.94
20 254.11±0.11 -0.00093±0.01 -0.00064±0.32 255.20±0.11 -0.00355±0.06 -0.00267±1.33
30 173.09±0.12 -0.00164±0.01 -0.00129±0.64 174.31±0.09 -0.00515±0.07 -0.00385±1.92
40 116.08±0.08 -0.00277±0.03 -0.00205±1.02 116.85±0.08 -0.00755±0.13 -0.00561±2.80
50 73.34±0.06 -0.00461±0.06 -0.00339±1.69 72.65±0.06 -0.01261±0.22 -0.00947±4.73
60 42.17±0.05 -0.00941±0.12 -0.00702±3.51 42.02±0.05 -0.02167±0.43 -0.01617±8.09
70 22.33±0.04 -0.01991±0.31 -0.01482±7.41 22.13±0.04 -0.04158±1.20 -0.03094±15.49
80 11.25±0.04 -0.04568±0.87 -0.03465±17.34 11.05±0.03 -0.08586±3.72 -0.0639±32.10
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Table 5: Values of Npart, ν[+−,dyn] and ν
corr
[+−,dyn] for
208Pb−208 Pb collisions at 2.76
TeV [Data from ref. 20]
cent.% Npart ν[+−,dyn] ν
corr
[+−,dyn]
5 382.80±3.1 -0.00104±0.00001 -0.00093±0.00001
10 329.70±4.6 -0.00126±0.00001 -0.00113±0.00002
20 260.50±4.4 -0.00165±0.00001 -0.00148±0.00001
30 186.40±3.9 -0.00236±0.00001 -0.00211±0.00002
40 128.90±3.3 -0.00348±0.00008 -0.00311±0.00008
50 85.00±2.6 -0.00541±0.00004 -0.00483±0.00004
60 52.80±2.0 -0.00903±0.00007 -0.00802±0.00007
70 30.00±2.8 -0.01675±0.00017 -0.01482±0.00017
80 15.80±3.8 -0.03547±0.00041 -0.03144±0.00041
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Figure 1: Dependence of net charge fluctuations, ν[+−,dyn] on the number of partic-
ipating nucleons, Npart for the HIJING events with jets/minijets on and off. Experi-
mental results for Pb-Pb collisions at 2.76 TeV are also shown [Data ref 20.]
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Figure 2: The same plot as Fig.1 but for corrected versions of net charge fluctuations.
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Figure 3: (dNch/dη)ν[+−,dyn] plotted against Npart for HIJING default with jet pro-
duction on(left panel) and jet production off(right panel). The line represents the
Pb-Pb data from ref 20.
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Figure 4: The same plot as Fig.3 but for corrected net charge fluctuations, νcorr[+−,dyn]
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Figure 5: Dependence of product of Npart and ν[+−,dyn] on centrality for the two sets
of HIJING events at different energies. The line represents the experimental result
reported in ref 20 for
√
sNN = 2.76 TeV Pb-Pb collisions.
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Figure 6: Variations of (Npart)ν
corr
[+−,dyn] with Npart for the two sets of HIJING events.
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Figure 7: Variations of net charge fluctuations, ν[+−,dyn] and its corrected version,
νcorr[+−,dyn] with charged particle density, dNch/dη for the two sets of HIJING events.
The lines are due to the 2.76 TeV Pb-Pb values taken from ref 20.
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Figure 8: Scaling of ν[+−,dyn] with dNch/dη for various MC data samples at different
energies.
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Figure 9: The same plot as in Fig.8 but after applying corrections to ν[+−,dyn] values.
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Figure 10: 1/( 1
〈N+〉
+ 1
〈N
−
〉
) scaling of net charge fluctuations at different energies
for the two sets of HIJING events.
26
η/dchdN
10 210 310
-
1 )
>
-
<
N1
+
>
+
<
N1 (
co
rr , d
yn
]
±[ν
0.5−
0
PbPb-2.76 TeV 
PbPb-5.02 TeV 
AuAu-100 GeV
AuAu-130 GeV
AuAu-200 GeV
CuCu-62.4 GeV
CuCu-200 GeV
PbPb-2.76 TeV 
PbPb-5.02 TeV 
AuAu-100 GeV
AuAu-130 GeV
AuAu-200 GeV
CuCu-62.4 GeV
CuCu-200 GeV
HIJ-default HIJ-no jets
Figure 11: 1/( 1
〈N+〉
+ 1
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) scaling of corrected net charge fluctuations for two types
of HIJING events at different energies.
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